HAL Id: jpa-00226762 https://hal.archives-ouvertes.fr/jpa-00226762
Submitted on 1 Jan 1987
HAL is a multi-disciplinary open access archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from teaching and research institutions in France or abroad, or from public or private research centers.
L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés.
E f f e c t s o f reduced d i m e n s i o n a l i t y o f e l e c t r o n motion a l t e r various p r o p e r t i e s o f semiconductor l a s e r s . I n 1982, Arakawa and Sakaki proposed t h e concept o f t h e quantum box l a s e r as we1 1 a s t h e quantum w i r e l a s e r [ l ] . I n an i d e a l quantum box structures, e l e c t r o n s and h o l e s have high1 y l o c a l i z e d wavefunctions and t h e s t a t e space i n each box i s d i s c r e t e as opposed t o t h e q u a s i continuum o f t h e b u l k . The c o n t r i b u t i o n t o g a i n f r o m each i d e a l quantum box a r i s e s f r o m a p a i r o f two l e v e l systems. I n t h i s case, t h e o v e r a l l a c t i v e l a y e r would much l i k e a gas l a s e r i n which t h e quantum boxes are analogous t o t h e atoms i n t h e gar.
I n t h i s paper, we i n v e s t i g a t e t h e f i e l d spectrum p r o p e r t i e s i n the quantum box 1 aser t h e o r e t i c a l 1 y, and demonstrate i t s reduction experimental 1 y using a quantum w e l l l a s e r i n a h i g h magnetic f i e l d s . i n which zero-dimensional e l e c t r o n i c systems a r e formed b y b o t h L o r e n t z f o r c e and t h e quantum w e l l p o t e n t i a l effects12-41. F u r t h e r m o r e change i n t h e spontaneous e m i s s i o n spectrum o f TE mode and TM mode i s a1 so discussed.
The l i n e w i d t h o f a semiconductor l a s e r i s g i v e n by t h e expression [5] Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1987558 where i s t h e spontaneous e m i s s i o n r a t e i n t o t h e l a s i n g mode. P i s t h e number o f photons i n t h e l a s i n g mode. and o( i s t h e l i n e w i d t h enhancement f a c t o r r e s u l t i n g from the s t r o n g l y detuned gain spectrum I n an e x t e r n a l -c a v i t y semiconductor l a s e r t h e decreased s p a t i a l o v e r l a p o f t h e g a i n w i t h t h e f i e l d decreases 6. and t h e increased modal volume increases P thereby reducing linewidth. There i s an a l t e r n a t i v e way t o reduce t h e linewidth. That i s a m o d i f i c a t i o n o f the e l e c t r o n i c s t a t e through t h e use o f quantum s i z e e f f e c t s i n t h e a c t i v e layer.
To understand why t h i s should happen, consider t h e expression f o r d i n terms o f o p t i c a l g a i n g(n) and resonant r e f r a c t i v e i ndex#(n) where LO i s t h e 1 a s i n g ,frequency. / l o i s t h e n o n r e s o n a n t c o n t r That O( i s nonzero and l a r g e i n semiconductor l a s e r s r e s u l t s from b ' b e i n g s i g n i f i c a n t . T h i s happens f o r two reasons. F i r s t . t h e l a s e r g a i n spectrum i s h i g h l y detuned. c a u s i n g a s t r o n g c o n t r i b u t i o n t o A ( n ) b y t h e c a r r i e r s a t t h e l a s i n g frequency.
i b u t i o n t o t h e r e f r a c t i v e index. and U ( g ) i s t h e d e r i v a t i v e o f t h e r e f r a c t i v e i n d e x ( g a i n ) w i t h r e s p e c t t o c a r r i

Second. band f i l l i n g causes t h e g a i n and r e f r a c t i v e i n d e x s p e c t r a t o s h i f t , i n f r e q u e n c y when t h e c a r r i e r d e n s i t y i s d i s t u r b e d . F o r t h e s e reasons, i n Eq.(2) J i s s i z a b l e (and i n t u r n so i s a ) and i t g i v e s a measure o f d i f f e r e n t i a l changes i n t h a t r e s u l t from detuning and band f i 11 ing.
On t h e o t h e r hand. i n an i d e a l quantum box l a s e r t h e s i t u a t i o n w o u l d be v e r y different. I n such a d e v i c e t h e a c t i v e l a y e r would c o n s i s t o f an a r r a y o f s t r u c t u r e s (the quantum box) having a c h a r a c t e r i s t i c s i z e o f 100 A(idea1 l y o f t h e same shape and size). E l e c t r o n s and h o l e s r e s i d i n g i n t h e s e s t r u c t u r e s w o u l d have h i g h l y l o c a l i z e d wave f u n c t i o n s and t h e s t a t e space i n each box w o u l d be d i s c r e t e as opposed t o t h e q u a s i c o n t i n u u m o f t h e bulk. I n t h e i d e a l quantum box l a s e r t h e c o n t r i b u t i o n t o g a i n from each box would a r i s e from a p a i r o f two l e v e l systems (one f o r each e l e c t r o n spin). The o v e r a l l a c t i v e l a y e r w o u l d be v e r y much l i k e a gas l a s e r i n w h i c h t h e boxes a r e l i k e n e d t o t h e atoms i n t h e gas. I n a d Fig. 1 shows a c 
h e quantum dimensions l e s s t h a n 70 1 . 
W
Many o f t h e c h a r a c t e r i s t i c s we
inewidth means o f t e s t i n g t h e ideas discussed above p l o t t e d as a f u n c t i o n o f t h e w i t h o u t a c t u a l l y f a b r i c a t i n g quantum boxes t h e quantumbox dimensions does exist, however. This i s t o a p p l y h i g h m a g n e t i c f i e l d s normal t o t h e p l a n e o f a quantum we1 1 l a s e r . By d o i n g t h i s we can a c h i e v e c o n f i n e m e n t o f c a r r i e r s i n t w o d i r e c t i o n s v i a t h e L o r e n t z f o r c e and i n t h e t h i r d d i r e c t i o n from
t h e quantum we1 1 c a r r i e r . Previously, we have employed t h i s technique i n b u l k a c t i v e l a y e r s t o study q u a n t u m w i r e e f f e c t s i n semiconductor. [l,4] I n our experiment we used an H i t a c h i GaAs/AlGaAs m u l t i p l e quantum we1 1 l a s e r w i t h s e l f -a 1 i g n e d s t r u c t u r e ( f i v e 3nm-t h i c k GaAs quantum we1 1 s separated by 5nm-t h i c k b a r r i e r l a y e r s ) .
T h e r o o m t e m p e r a t u r e t h r e s h o l d c u r r e n t was 42 mA and t h e l a s i n g w a v e l e n g t h was 792.0 nm. e l e c t r a l p r o x i m i t y o f t h e s t a t e s which a r e ~i~. 3 observed spontaneous spectrum responsible f o r l a s i n g action. This would f o r v a r i o u s i n j e c t e d c u r r e n t t e n d t o d e t u n e t h e system and hence l e a d a t B=19T t o f i e l d spectrum l i n e w i d t h broadening as discussed e a r l i e r .
Measurement r e s u l t s o f t h e f i e l d spectrum f o r each magnetic f i e l d s are p l o t t e d as a f u n c t i o n o f i n v e r s e power i n Fig.2. I n t h i s case t h e r e i s an observable r e d u c t i o n o f t h e l i n e w i d t h as t h e magnetic f i e l d i s increased. The r e d u c t i o n i s as l a r g e as 2 f u n c t i o n o f i n v e r s e power f o r f o r a f i e l d s t r e n g t h o f 19T. We b e l i e v e t h i s r e d u c t i o n i s t h e r e s u l t o f e m i s s i o n f r o m quantum b o x -l i k e s t a t e s i n t h e a c t i v e l a y e r . The r e d u c t i o n i s p r o b a b l y d i 1 u t e d b y s c a t t e r i n g e f f e c t . A n o t h e r e f f e c t t h a t c o u l d a l s o weaken t h e observable r e d u c t i o n i s t h e presence o f o t h e r box s t a t e s i n t h e
The presence o f o t h e r s t a t e s was c o n f i r m e d i n measurements o f 1 umi nescence w h i c h were performed on t h i s d e v i c e a t 165 K. A t l o w f i e l d s t r e n g t h s t h e 1 uminescence had a s i n g 1 e peak. A t h i g h f i e l d strengths, however.the spectrum had t h e d u a l peak s t r u c t u r e shown i n fig.3 . T h i s f i g u r e shows a sequence o f s p e c t r a measured a t a f i e l d s t r e n g t h o f 19 T f o r d i f f e r e n t pump c u r r e n t s t o t h e l a s e r . I n t h e spectra t h e low-energy peak i s e x c i t e d first. With increasing pump c u r r e n t t h e second peak i s e x c i t e d and e v e n t u a l l y p r o v i d e s t h e g a i n necessary f o r l a s i n g a c t i o n i n t h i s device. As t h e f i e l d was reduced t h e s e peaks merged i n t o one another. eventual l y becoming i n d i s t i n g u i s h a b l e below 15T. The maximum separation o f t h e peaks was 26 meV a t 19T. A l t h o u g h i t i s p o s s i b l e t h a t a d d i t i o n a l s t r u c t u r e i s h i d d e n a t t h e s e t e m p e r a t u r e s b y s c a t t e r i n g , we b e l i e v e t h e s e peaks can be i n t e r p r e t e d as t r a n s i t i o n s between Landau energy s t a t e s i n t h e conduction and valence bands o f the quantum we1 1 s (i .e.. simulated quantum boxes states).
Further confirmation f o r t h e quantum box e f f e c t i s obtained i n t h e spontaneous e m i s s i o n s p e c t r u m f o r TE mode and TM mode. Fig.4 (a)(b) show t h e spontaneous emission spectrum f o r TE mode and TM mode r e s p e c t i v e l y f o r various magnetic f i e l d s . Since t h e i n j e c t e d c u r r e n t i s l e s s than 1% o f t h e t h r e s h o l d current. t h e s t i m u l a t e d emission e f f e c t can be ignored. For no magnetic f i e l d , TE mode spectrum has a peak a t a wavelength corresponding t o t h e heavy h o l e -e l e c t r o n t r a n s i t i o n , w h i l e TM mode spectrum has a peak a t a w a v e l e n g t h c o r r e s p o n d i n g t o t h e l i g h t h o l e -e l e c t r o n t r a n s i t i o n . This r e s u l t i s we1 1 known t o be due t o t h e s e l e c t i o n r u l e o f t h e d i p o l e m a t r i x element. On t h e o t h e r hand. w i t h t h e i n c r e a s e o f t h e m a g n e t i c f i e l d , t h e spctrum c o n f i g u r a t i o n changes and t h e peak converge t o t h e same wavelength f o r both modes. We b e l i e v e t h a t t h e s e changes r e s u l t f r o m s u p p r e s s i o n o f a n i s o t r o p i c p r o p e r t i e s o f t h e quantum w e l l s t r u c t u r e due t o the high magnetic f i e l d .
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(a> (b) Fig.4 Spontaneous e m i s s i o n spectrum o f TE and TM mode f o r various magnetic f i e l d s I n conclusion, we i n v e s t i g a t e p r o p e r t i e s o f t h e f i e l d spectrum o f semiconductor l a s e r s w i t h quantum w e l l box effects. The a n a l y s i s r e v e a l s a s i g n i f i c a n t reduction o f t h e spectrum l i n e w i d t h due t o t h e quantum w e l l box e f f e c t . T h i s p r e d i c t i o n i s successful 1 y demonstrated experimental 1 y by p l a c i n g a quantum we1 1 1 aser i n a h i g h magnetic f i e l d , i n which Lorenz f o r c e as w e l l as t h e quantum w e l l p o t e n t i a l forms a quasi-zero-dimensional e l e c t r o n i c system. Furthermore, change i n t h e spontaneous e m i s s i o n spectrum o f TE mode and TM mode i s o b s e r v e d w i t h t h e i n c r e a s e o f t h e m a g n e t i c f i e l d , w h i c h r e s u l t s f r o m s u p p r e s s i o n o f a n i s o t r o p i c p r o p e r t i e s o f t h e quantum we1 1 structure.
